JOURNAL 


OF THE 


WASHINGTON ACADEMY OF SCIENCES 


Vou. IV MARCH 4, 1914 No. 5 





ASTROPHYSICS.—The solar constant of radiation. C. G. AB- 
BoT.! Smithsonian Institution. 


We live in a world warmed by the sun. While it is not 
to be expected that everybody will devote himself to the 
measurement of solar radiation, yet it is not surprising that 
many have concerned themselves with measuring the quantity 
on which all lives depend. So far as I am aware, this subject 
was not pursued by the ancients to such a point as to obtain 
measurements worth much present consideration. This is a 
great pity, for thus we lack proof whether the sun’s radiation 
has changed progressively. Beginning about a century ago in- 
vestigations of solar radiation were pursued with great assiduity 
by various observers. The need was almost immediately per- 
ceived of reducing the observations to represent conditions out- 
side the earth’s atmosphere, as for example, on the moon, so 
as to be independent of the haze and water vapor, and even of 
the gaseous constituents of the air. It is required to know the 
measure of solar radiation in free space as an index of the con- 
dition of the sun, quite apart from its influence on terrestrial 
affairs, but secondly it is of great importance and interest to 
apply this knowledge to promote meteorological inquiries. 

Sir John Herschel, who was a pioneer in solar radiation work, 
proposed to express solar radiation in terms of a unit which 
he called the actine, which is based on the melting of ice. But 
by general consent, the gram calorie has been adopted as the 
unit of measurement, and we say that the “solar constant of 
radiation” is the number of calories per square centimeter per 

1 Address of the retiring president delivered before the Philosophical Society 


of Washington, January 3, 1914. 
‘ 89 





90 ABBOT: SOLAR CONSTANT OF RADIATION 


minute which would be produced by the complete absorption of 
the solar radiation in free Space at the earth’s mean solar distance. 

Preparatory researches of great interest were made in the eight- 
eenth century by Bouguer, Lambert, DeSaussure and Leslie. 
Determinations of the solar constant of radiation, however, may 
be said to have begun about eighty years ago with the investiga- 
tions of Sir John Herschel, Principal Forbes, and Pouillet. The 
problem comprises two parts: First, to measure the intensity of 
the solar radiation at the earth’s surface; second, to estimate the 
loss it has suffered in passing through the atmosphere. It will 
be convenient to consider the atmospheric influences briefly be- 
fore taking up the methods of measuring the solar radiation, and 
then to return to a more thorough discussion of the atmospheric 
transmission. 

Atmospheric transmission. The determination of the trans- 
mission of the atmosphere rests primarily upon the hypothesis 
of Bouguer, first put forward in 1729 and elaborated in Bouguer’s 
posthumous work published in 1760. The late Dr. Langley has 
placed this matter in so very clear a light in his paper on the 
Amount of the Atmospheric Absorption? that I cannot do better 
than to quote from his statement. 

If a beam of sunlight enters through a crevice in a dark room, the 
light is partly interrupted by the particles of dust or mist in the air, the 
apartment is visibly illuminated by the light laterally reflected or diffused 
from them, and the direct beam, having lost something by this proc- 
ess, is not so bright after it has crossed the room, as before. In com- 
mon language, the direct light, to an observer in the path of the beam, 
has been partly “absorbed,” and the problem is, to determine in what 
degree. If a certain portion of the light (suppose one-fifth) were thus 
scattered, the beam after it crossed the room would be but four-fifths 
as bright as when it entered it; and, if we were to trace the now dimin- 
ished beam through a second apartment altogether like the other, it 
seems, at first, reasonable to suppose that the same proportion (i.e., 
four-fifths of the remainder) would be transmitted there also, and that 
the light would be the same kind of light as before, and only diminished 
in amount (in the proportion + x #). The assumption originally made 
by Bouguer and followed by Herschel and Pouillet, was that it was in 
this manner that our solar heat was absorbed by our atmosphere, and 
that by assuming such a simple progression the original heat could 
be calculated. 


* Amer. Jour. Sci., third series, 28: September, 1884. 
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If Ao be the intensity of the original beam before entering the 
transparent medium whose transmission is to be investigated, 
then after the passage through the first stratum of unit thickness 
let us suppose a fraction of the original, represented by p, has 
passed through, so that what was A, becomes App. Then since 
a second stratum identical with the first in constitution and 
thickness must, according to Bouguer’s assumption, have an 
identical effect, the ray which was A,» will emerge from the sec- 
ond stratum A op*, and so on. The fraction p transmitted by 
the unit of thickness is the common ratio of a geometric progres- 
sion, so that after passing through a thickness m of the medium, 
the intensity of the light which was formerly A» will become 
Aop™. 

As the height to which the atmosphere extends in appreciable 
density is very small compared with the radius of the earth, 
the thickness of the layer traversed by a solar beam of a zenith 
distance not exceeding 70° is approximately proportional to the 
secant of the zenith distance of the sun at the time of observa- 
tion. If we regard unit thickness as that corresponding to a 
barometric pressure of 760 mm. of mercury, then p in our for- 
mula corresponds to the vertical transmission coefficient of the 
atmosphere above sea-level, and for any station where the baro- 
metric pressure is B the intensity of the ray from the sun as it 
reaches the earth’s surface, which we call A, may be expressed 
by the formula. : 


2 sec Zz 
A = Aop 760 " 


Some writers have preferred to use the formula as a formula 
of ‘“‘absorption”’ rather than of transmission. In that way the 
expression reduces to a somewhat different form, but its funda- 
mental principles are the same. The investigations of Herschel, 
Forbes, Pouillet and others up to the time of Langley had refer- 
ence to this exponential formula, based upon the hypothesis of 
Bouguer, which was to the effect that successive equal layers of 
transparent material transmit equal fractions of the incident ray. 

A convenient method of applying the atmospheric transmis- 
sion formula is to take logarithms of both members of the equa- 
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tion so as to reduce the expression to the form of the equation 
of a straight line. Thus 


log A = aa sec z log p + log Ay 

By this equation the intersept of the best straight line on the 
axis of ordinates is the logarithm of the intensity of solar radia- 
tion outside the atmosphere, and the inclination of the line to 
the horizontal is the logarithm of the atmospheric transmission 
for vertical rays. 

The reader must bear in mind that the simple expression thus 
obtained is given only in illustration of the work of the earlier 
investigators, and it must be hedged about with certain condi- 
tions and limitations in order to apply it, as we shall see later, 
to the determination of the solar constant of radiation by the 
most approved methods. 

Instruments. Herschel’s actinometer: This instrument con- 
sists of a thermometer with a large cylindric bulb, containing a 
deep blue fluid (the ammoniacal sulphate of copper) and en- 
closed in a wooden case blackened interiorly and covered with 
a piece of plate glass. The thermometer has a very large bulb, 
and it is adjusted in volume by means of a screw, so as to regu- 
late the position of the column of liquid on the thermometer 
scale. Herschel introduced what is termed the dynamical meth- 
od of observing the solar radiation, for he obtained not the total 
rise of temperature of the instrument when long exposed to the 
sun, but its initial rate of rise, corrected for the cooling or warm- 
ing of the thermometer due to external conditions when the sun 
is shaded. The determination of the cooling correction is done 
by observing the rise or fall of the temperature for a certain time 
interval before exposing to the sun, and again determining the 
rise or fall after such exposure to the sun is completed. The 
mean rate of warming or cooling, due to the surroundings, is 
applied as a correction to.the rate of warming due to the exposure 
to the solar radiation. 

Pouillet’s pyrheliometer: A flat metal box, blackened on the 
front, and filled with water, has a thermometer inserted at the 
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rear, extending away from the direction of the sun. The in- 
strument, like that of Herschel, was exposed to the influence of 
the surroundings while shaded for a certain interval of time, the 
shade was then removed for a similar interval so as to allow the 
solar radiation to fall upon the blackened box, after which the 
instrument was again shaded. In practice it was found that the 
water within the box could not be well enough stirred in order 
to allow the average temperature of the water to be well ascer- 
tained. The instrument was greatly improved by Tyndall, who 
substituted mercury for water, and, in order to contain the mer- 
cury used iron in the making of the box. 

Crova alcohol actinometer: A large spherical bulb thermome- 
ter containing alcohol, is enclosed in a nickel pated metal cham- 
ber with a vestibule for the entrance of the rays. The stem of 
the thermometer runs back, directly away from the sun, and is 
enclosed in a nickel plated tube with a side opening for reading 
the thermometer. A short mercury thread is introduced in the 
alcohol column at a suitable point for observing. The method 
of observing is the same as that adopted by Herschel and by 
Pouillet. 

Violle actinometer: A large spherical double walled enclo- 
sure filled with water is kept at a known constant temperature. 
A spherical blackened bulb thermometer lies at the center of the 
enclosure, and the sunlight is introduced to it through a suitable 
vestibule in the double walled chamber. Violle’s method of read- 
ing was static, as opposed to the dynamic methods we have just 
considered. He observed the total rise of the-thermometer and 
its fall after the cutting off of the sun rays, noting the position 
of the column at fixed intervals after exposure and after closure. 
The theory of the instrument as developed by Violle is simple 
and elegant. As a standard the instrument is-open to the ob- 
jection that the water equivalent of the bulb of the thermometer 
is very small, and difficult to measure, and that several corrections, 
rather difficult of determination, should be applied. It was used 
by Dr. Langley in his expedition to Mount Whitney in 1881. 

Angstrom electrical compensation pyrheliometer: This instru- 
ment has had the most extensive adoption in recent years of any 
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form of instrument for measuring solar radiation. It was in- 
vented about the year 1895. Two metal strips exactly similar 
to one another, and blackened upon the front, are exposed 
alternately to heating by the sun. Arrangement is provided for 
passing an electrical current through the strip which is not at 
the moment being heated by the sun. Thermo-elements, fas- 
tened to the back of each strip, indicate when the temperature 
of the exposed strip is equal to that of the strip which is electric- 
ally heated. Under these circumstances it is assumed that the 
energy of the electric current is equal to the energy received 
from the sun. About 160 copies of this electrical compensation 
pyrheliometer have been sent out from Upsala to different parts 
of the world. 

Several other kinds of pyrheliometers have been used in re- 
cent years, among them two forms which have been devised by 
the writer. We shall have occasion to speak of these later. 

Early observations. Forbes observed with the Herschel actin- 
ometer in 1832 at Brientz and the Faulhorn. He showed that 
the transmissibility of sun rays continually increases as the length 
of path of the ray in air increases. Forbes rightly attributed this 
to the non-homogeneity of the solar radiation, and the inequality 
of transmission of the different component parts of it. Under 
such circumstances Bouguer’s formula of course cannot apply. 
Forbes concluded that equal barometric columns of air give 
equal transmission, whether taken from the high or low station. 
In this he. was wrong. He formed an empirical curve to repre- 
sent all his observations at both stations, employing air masses 
as abscissae and actinometer readings as ordinates. Instead of 
extrapolating this curve directly to air mass zero he preferred to 
find its tangents and thus derive the subsidiary curve of tangents 
from which he derived a formula for extrapolating his observa- 
tions. In this way he obtained results corresponding to the 
value 2.85 calories per square centimeter per minute for the solar 
constant. Thus Forbes cut loose entirely from Bouguer’s ex- 
ponential formula of atmospheric transmission. 

Pouillet observed in the years 1837 and 1838 at Paris. His 
work was published before that of Forbes, although done later. 
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He found transmission coefficients by means of Bouguer’s for- 
mula. He apparently did not investigate the defects of this for- 
mula as thoroughly as Forbes did. His result for the solar con- 
stant of radiation is 1.7633 calories per square centimeter per 
minute. This value, on account of the non-homogeneity of the 
solar rays, is necessarily too low. 

Quetelet observed with a Robinson actinometer, similar in 
form to Herschel’s, at Brussels, from 1843 to 1853. These ex- 
periments might well repay a critical examination now, not for 
their value in determining the absolute measure of the solar 
constant of radiation, but in connection with the variation of the 
average intensity of the solar radiation from year to year as 
influenced by volcanic eruptions. 

Desains employed a thermopile, and compared the transmissi- 
bility of the rays of the sun through a water cell at different 
stations. He found the transmissibility of solar rays through 
the water cell always increased by a long preliminary course 
through moist air. This result is essentially the same as that 
of Forbes, although obtained in a different manner. 

Violle observed at many different stations, including Mont 
Blane. His instrument apparently read much too high, as no- 
ticed by Langley in the report of the Mount Whitney expedi- 
tion. He used a somewhat complicated empirical formula of 
extrapolation, as he was fully cognizant of the defect of Bouguer’s 
formula, as indicated by Forbes. He obtained the following 
values: 


OUTSIDE GRAND- 
ATMOSPHERE oe: HEARD MULET Doane 


Altitude......... 4810 3050 1200 60 
Barometer 430 533 661 758 
Calories ; , a; 39 2.26 2.02 1.74 


These values should be redial about one-fourth to make hese 
comparable with observations made in recent years at high eleva- 
tions by many observers. In such a case the value outside the 
atmosphere would become about 1.9 calories. 

Crova made many observations at Mont-Pellier with his alco- 
hol actinometer standardized against the Tyndall pyrheliometer. 
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He made some attempts to extrapolate his observations to the 
limit of the atmosphere, but these, like other solar constant val- 
ues obtained by pyrheliometry alone, are not definitive. Great 
value, however, attaches to the long series of direct observations 
continued from 1883 to 1900 at Mont-Pellier. These show plainly 
the influence of the voleano Krakatau and others. 

K. Angstrém observed with the electrical compensation pyr- 
heliometer at several stations at different altitudes on the island 
of Teneriffe in the years 1895 and 1896. Some of his measure- 
ments were made at the altitude of 3700 meters, and give direct 
readings of solar radiation as high as 1.63 calories per square centi- 
meter per minute. Angstrém declined to determine from these 
a value of the solar constant of radiation, recognizing that this 
demanded observations of the solar spectrum as well as pyrhe- 
liometric work. In later years he prepared spectro-bolometric 
apparatus for this purpose, and made many solar constant meas- 
urements therewith at Upsala. These measurements are still 
being continued there by his successors. It is hoped that this 
Jong and interesting series will soon be published. 

Passing from this work of Angstrém, which belongs in a later 
period, and omitting mention of valuable pyrheliometric obser- 
vations by numerous observers in Italy, Switzerland, and Russia, 
which I regret that space forbids me here to discuss, attention 
must now be directed to the work of Langley, which marked an 
epoch in this kind of investigation. 

Langley’s observations. Prior to Langley’s observations, there 
had been numerous attempts to determine the solar constant, 
which are well summed up in the excellent little book of Radau, 
entitled Actinometrie. It is shown that nearly all observers were 
in comparative agreement, so far as their actual observations go, 
and if the transmission of radiation by.the atmosphere be esti- 


mated by the simple formula A = Aop**’™ * which was em- 


ployed by Pouillet and many others, the value of the solar con- 
stant would be found in the neighborhood of 1.75 calories. 

But Forbes, Desains, Violle, Crova and others showed con- 
vincingly that this equation does not accurately express the 
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diminution of radiation attending the decline of the sun from 
zenith to horizon, or the descent of the observer from a high alti- 
tude to a lower one. Accordingly several empirical formulae of 
more complexity were proposed, which owing to their more nu- 
merous: constants, could be made to fit the observed variation of 
the total intensity of radiation under different conditions more 
closely. By the aid of such empirical formulae higher values 
of the solar constant have been obtained. Some of these in our 
own time have gone as high as 4 calories. Radau however says 
“it is clear that the intensity of the solar radiation outside the 
atmosphere cannot be certainly obtained from experiments which 
have been made [prior to 1878] for the result depends essentially 
on the manner of calculation.”’ This conclusion is still applica- 
ble to pyrheliometer measurements not supported by spectrum 
observations. 

The tendency toward high values of the solar constant was 
powerfully stimulated by the publication of the report of the 
Mount Whitney expedition by Langley in 1884. As Forbes and 
Radau had stated, so Langley emphasized and acted upon the 


fact that the formula A = A,p’*°™ : applies only to a homo- 


genous bundle of rays in a pure atmosphere; and the intensity 
of solar radiation outside the atmosphere can be exactly deter- 
mined only when the atmospheric transmission coefficients of the 
- rays of all wave lengths, which go to make up the complex beam 
of the sun, are separately determined and allowed for. Langley 
was the first to determine and apply atmospheric transmission 
coefficients for numerous rays of different wave lengths in the 
solar spectrum. For this purpose he invented the bolometer, a 
delicate electrical thermometer, and observed with it the varia- 
tion of the intensity of each ray of the spectrum from low sun 
to high. He found it impracticable to determine the transmis- 
sion coefficients in the water vapor bands of the infra-red, but 
assuming that there were no water vapor bands in the solar 
spectrum outside our atmosphere, he avoided this difficulty by 
smoothing the spectrum energy curve, which he computed from 
his bolometric observations to represent the distribution of solar 
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radiation outside the atmosphere, so as to leave no water vapor 
bands in it at all. Had Langley stopped with these steps ac- 
complished, he would have left us as the result of the Mount 
Whitney expedition, 2.060 calories, the mean value as deter- 
mined by high and low sun observations at Lone Pine, or 2.220 
calories, the mean value similarly determined from observations 
at Mountain Camp. But, by the train of reasoning given on 
pages 142-144 of his report, he convinced himself that the expo- 
nential formula does not hold for the earth’s atmosphere, even for 
a strictly homogeneous ray. He therefore altered his results by 
two different procedures, one of which he states was of a kind to 
give too low a value of the solar constant, and the other too 
high. By this means he obtained the values 2.630 and 3.505. 
The mean of these, 3.068, or in round numbers 3.0 calories per 
square centimeter per minute he adopted as the solar constant. 
But in fact, both procedures were calculated to give too high 
results, and the most probable results of Langley’s observations 
lies below either of them, and is in fact 2.22, or 2.06 calories, ac- 
cording as the work at Lone or Mountain Camp is regarded as 
the better. In order to recognize this, it is necessary to examine 
the argument which led him to doubt the accuracy of the expo- 
nential formula, as applied to the transmission of homogeneous 
rays through the earth’s atmosphere, but first let us consider 
the basis of the formula. 

We have seen that Bouguer’s formula rests on the fundamental 
assumption that the light is not changed in its nature in passing 
from one layer to another, so that equal layers take out equal 
fractions. This is not the case except for homogeneous rays. 
It is therefore necessary to divide the beam up into parts, each 
containing rays of approximately homogeneous transmissibility. 
For this purpose it is necessary to observe the spectrum of the 
sunlight by the aid of the bolometer or other satisfactory delicate 
heat-measuring instrument. Even so, it is not possible to ob- 
serve the transmission of the atmosphere at every wave length, 
so as to determine the coefficients of transmission in the fine 
lines of absorption by water vapor and oxygen which are in- 
troduced by the earth’s atmosphere. These lines are mainly 
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grouped in the great bands made up of these fine lines which 
occur in the red and infra-red spectrum, and for them a special 
procedure must be adopted, as was introduced by Langley. In 
general, however, the bolometer suffices to give us atmospheric 
transmission coefficients in sufficient number to deal with the 
gradually changing transparency of the air for rays of nearly 
adjacent wave-lengths. The proof of the formula for atmospheric 
transmission for homogeneous rays follows. It will be seen that 
the formula is one of extrapolation solely, and is not applicable 
to computations of the transparency at different barometric 
pressures, unless it be the fact (which is not usual) that the qual- 
ity of the air from the different stations to the limit of the atmos- 
phere is approximately identical. This indeed may be the case 
at very high elevations of 4000 meters and over, but is not the 
ease for ordinary observing stations, so that in the use of the 
formula of transmission it is generally erroneous to introduce 
the barometric pressure in the exponent as was done by Pouillet. 

Proof of formula for transmission. Imagine the atmosphere to 
be made up of n concentric layers so chosen in thickness as to pro- 
duce separately equal barometric pressures, and let the number 
n be so great that the transparency of any single layer is sensibly 
uniform, although the layers may differ from each other in trans- 
parency by any gradual progression. The index of refraction of 
air is so near unity that there will be no sensible regular reflec- 
tion in passing from one layer to the next, and the transmission 
of each layer may be expressed exponentially by Bouguer’s for- 
mula, but with different coefficients of transmission for the several 
layers. 

Thus, suppose EH, to be the original intensity of a beam of 
light incident upon the outermost layer at the angle whose se- 


cant is m. 
Then after passing successive layers the remaining intensities 


become 
E,=E,a,”", E.=E,a,™ - a,™, E,,=E,a,"a.™ gee Se a,""". (1) 


The value of the secant of the angle of incidence will change 
slightly in passing from layer to layer from two causes: First, 
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the curvature of the earth; second, the refraction of the beam 
in air. These causes produce opposite effects, the first tending 
to increase the angle of incidence, the second tending to dimin- 
ish it as the beam approaches the earth’s surface. Their com- 
bined effect is dependent on the height to which the temperature 
exercises absorption and on the distribution of density with the 
height. But it is generally supposed that the absorption of the 
air above 40 miles from the earth’s surface is negligible, aind, 
remembering that the atmospheric density diminishes with the 
height, it appears that for zenith distances less than 70° the 
effect of change of the secant of the angle of the incident beam 
from the outermost to the innermost layer of the atmosphere 
will not introduce error greater than 1 per cent. Accordingly for 
zenith distances less than 70° we may write approximately 


E, = Ey (aide oh eS a,)™ 


The symbols a;, a2 ....a, denote constants (providing 
no change of transparency occurs during the interval of time 
in question), and their values are slightly less than unity. We 


may substitute for their product a single constant, a, itself a 
proper fraction, and remembering that £, is the intensity at the 
earth’s surface, above denoted simply by EZ, we have 


E =E,a» (3) 


Limitations of formula. No mention is made in this expres- 
sion, of the barometric pressure, but it is easy to see that an 
alteration of barometric pressure would signify, under the con- 
ventions adopted in deriving the formula, a change in the number 
of layers, n. This would cause an alteration of the quantity a, 
which is the continued product of the transmission coefficients 
of the layers, by introducing additional multipliers a,,,,, 4, +,» 

. or by the withdrawal of some a,_;, @,-». .... Since 
we have no means of determining the value of the terms so 
introduced or taken away, there is no means of correcting for 
change of barometer in the use of the expression (3) and it would, 
for instance, be impossible to compute, from knowledge of the 
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values of EL, Eo, a, and m for one station, what would be the 
value of E at some station of different barometric pressure.* 

From this we see that the unit of air mass to be taken for 
each station is the air mass traversed by beams from zenith 
celestial objects between the station itself and the outer limit of the 
atmosphere, not from sea-level. 

The determination of the solar constant of radiation, based 
upon the demonstration which has just been given, depends upon 
the following assumptions: 

1. In a homogeneous medium, a homogeneous ray loses a 
fixed proportion of its intensity in every equal length of its path. 

2. The earth’s atmosphere may be considered as made up of 
a great number of layers concentric with the earth, each approxi- 
mately homogeneous in itself over the area swept through by 
the solar beam between zenith distances of 70° and 30° during 
the time required for this sweep of the beam. 

3. Surface reflection of the outer boundary of the atmosphere, 
or the boundaries of its internal layers, is negligible. 

4. Except in the known red and infra-red atmospheric bands, 
the transparency varies gradually from wave length to wave 
length, or if atmospheric absorption lines exist, the energy they 
absorb is inconsiderable. 

5. Atmospheric .bands do not exist in the solar spectrum out- 
side the atmosphere. 

6. The quantity of solar energy beyond \ = 0.3, in the ultra- 
violet and beyond \ = 3.0, in the infra-red is inconsiderable. 

The soundness of these assumptions is best proved by the 
results of a great number of observations made at sea-level and 
at high altitudes during the last ten years by different observers, 
but mainly by the staff of the Astrophysical Observatory of the 
Smithsonian Institution. 

Discussion of Langley’s solar constant value. We may now per- 
ceive why the high solar constant value of Langley ought not to 
be accepted. For, consider lines 26 to 43 of page 144 of the 
Mount Whitney report, which detail the precise method em- 


3’ This demonstration applies only to homogeneous rays. 
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ployed in obtaining what Langley regarded as a minimum value, 
namely 2.63 calories per square centimeter per minute: 


We now proceed to determine from our bolometer observations, 
a value which we may believe from considerations analogous to 
those just presented, to be a minimum of the solar constant, and 
one within the probable truth. All the evidence we possess shows, as 
we have already stated, that the atmosphere grows more transmissible 
as we ascend, or that for equal weights of air the transmissibility in- 
creases (and probably continuously), as we go up higher. In finding 
our minimum value we proceed as follows, still dealing with rays which 
are as approximately homogeneous as we can experimentally obtain 
them. Let us take one of these rays as an example, and let it be one 
whose wave length is 0.64 and which caused a deflection at Lone Pine 
of 201. The coefficient of transmission for this ray as determined by 
high and low sun at Lone Pine and referred to the vertical air mass 
between Lone Pine and Mountain Camp is 0.976. From the observa- 
tions at Lone Pine then, the heat of this ray upon the mountain should 
have been 201 < 10CO + 976 = 206.0, but the heat in this ray actually 
observed on the mountain was 249.7, therefore multiplying the value 
for the energy of this ray outside the atmosphere, calculated from 
Mountain Camp high and low sun observations (275) by the ratio 
#424 we have 333.3, where 333.3 represents the energy in this ray out- 
side the atmosphere as determined by this second process. In like 
manner we proceed to deal with the rays already used, thus forming 
column 8 in Table 120. 


It is evident that the transmission coefficient determined for 
the wave length 0.6 by the aid of high and low sun observations 
at Lone Pine, represented the mean transmission of a ray of this 
wave length through a mass of air containing all the kinds of 
strata between Lone Pine and the limit of the atmosphere. Such 
a transmission coefficient would certainly be greater than that 
which would have been found if the air had all been like that 
between Lone Pine and Mountain Camp, because the lower lay- 
ers are least transparent.‘ Therefore the value 0.976 could be 
known, a priori, not to represent the transmission of the air be- 
tween Lone Pine and Mountain Camp, but to be certainly greater 
than the true transmission coefficient for the air between these 
stations. Accordingly the discrepancy between the computed 
and observed intensities at Mountain Camp is only what should 
be expected, and implies no failure of the formula of Bouguer 
at all; for that formula was used in the computation of the 


‘ See Table 118 of the Mount Whitney report. 
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intensity at Mountain Camp just quoted with a coefficient p 
which was certainly wrong. The argument on which Langley 
acted may be stated in a plausible form as follows: If Bouguer’s 
exponential formula with the transmission coefficient obtained by 
high and low sun observations at Lone Pine gives toolowa value 
of the intensity of homogeneous solar radiation for a station 
within the atmosphere like Mountain Camp, as was shown by 
actual observation, much more will it give too low a value out- 
. side the atmosphere. An equally plausible, and equally falla- 
cious argument is the following: It is said that the density of 
water decreases with increasing temperature at the mean rate 
of about 0.00041 per degree from 0° to 100°, but observations 
at 4° prove that water is actually denser at this temperature than 
at 0°, therefore the supposed decreased density at 100° is a 
delusion. 

Solar constant work of the Smithsonian Astrophysical Observa- 
tory. The earlier years of the work of the Astrophysical Obser- 
vatory were devoted to the improvement of the bolometer and 
the use of it for the determination of the positions of lines in the 
infra-red solar spectrum. About 1902 attention began to be de- 
voted to measurements of the solar constant of radiation. We 
approached these measurements with a very much better instru- 
mental equipment than that which had been Langley’s in the 
Mount Whitney expedition of 1881. Soon after the Astrophysi- 
cal Observatory was founded, about the year 1890, Langley 
introduced the automatic registration of the galvanometer in 
connection with the spectro-bolometer, and in the subsequent 
years the difficulties connected with the use of the recording 
spectro-bolometer were so far overcome that the solar spectrum 
could be observed from the extreme ultra-violet end of the spec- 
trum at about 0.34 to a wave length of about 3 in the infra-red 
with great ease and accuracy, in an interval of seven minutes of 
time. Drift of the galvanometer, which in Langley’s expedition 
to Mount Whitney he has told me often amounted to a meter 
a minute on the scale, was now so far reduced that a centimeter 
an hour would be unusual. In fact the bolometer, despite its 
great sensitiveness, is about as easy to use for this work as an 
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ordinary thermometer is for measuring the temperature of the 
air. 

Our first measurements of the sun’s radiation as a whole were 
made with the Crova alcohol actinometer, and in order to 
standardize this instrument we constructed a modified Tyndall 
pyrheliometer consisting of a copper box filled with mercury 
and having.a cylindric bulb thermometer inserted radially into 
the box. Owing to the difficulty of keeping the small thread of 
mercury at the proper point for reading purposes in the Crova 
actinometer, we found it more desirable to develop the pyrheli- 
ometer for our purpose. Soon a solid disk of copper with a radial 
hole large enough to enclose the thermometer bulb was substi- 
tuted for the box filled with mercury, the use of mercury being 
limited to insuring a good heat connection between the bulb of 
the thermometer and the copper of the disk. Some of these 
copper disk pyrheliometers are still in use on Mount Wilson. 
About 1909, however, the further improvement was introduced 
of using silver in place of copper for the disk. A thin steel lin- 
ing is provided for the hole where the thermometer is inserted, 
so as to prevent the mercury from alloying with the silver. In 
these silver disk instruments the thermometer stem, which is 
introduced radially in the disk, is bent outside the chamber at 
right angles so as to point towards the sun. The whole instru- 
ment is mounted equatorially with a device for moving it by 
hand to follow the sun from moment to moment. These disk 
pyrheliometers, either of copper or silver, have now been in use 
since 1906 with great satisfaction. Their constancy over long 
periods of time leaves nothing to be desired, and the accuracy of 
observation reaches a small fraction of 1 per cent. 

As the disk pyrheliometer is a secondary instrument, it was 
necessary to develop a standard primary instrument to compare 
it with. As early as 1904 experiments were begun to produce a 
pyrheliometer based upon the hollow chamber ‘black body”’ 
type, with a flowing liquid to carry off the heat produced by 
the absorption of the solar rays within such a chamber. After 
numerous experiments, and long trial, the water-flow standard 
pyrheliometer was fully developed in 1910. Later still, another 
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hollow-chamber instrument in which the chamber was bathed 
with stirred water was employed to check the results of the 
standard water-flow instruments. In each of these types of 
standard instruments it is possible to introduce electrically known 
quantities of heat for testing purposes, and in many experiments 
it has been proved that the test quantities of heat thus intro- 
duced may be recovered to within 1 per cent. Accordingly it is 
believed that the standard scale of radiation has been thoroughly 
established. The silver disk instruments are standardized by com- 
paring them with such standard instruments, and the standard 
scale of radiation so produced, which is believed to be accurate 
to at least one-half of 1 per cent, has been diffused generally over 
the world by the Smithsonian Institution. About twenty-five 
copies of the silver disk pyrheliometer have been standardized 
and sent out to Europe, North America, and South America for 
this purpose. The Smithsonian instruments read about 3.5 per 
cent above those of Angstrém. 

Measurements of the solar constant of radiation were begun 
in Washington in 1902 and have been continued at Washing- 
ton or elsewhere in every succeeding year until the present 
time. In 1903 it was noticed that the values of the solar radia- 
tion outside the atmosphere obtained in Washington were vari- 
able within the limits of about 10 per cent, and as some of the 
changes appeared to occur between days which were of the high- 
est order of excellence, it was thought possible that these changes 
might occur in the sun, and not be caused by alterations of the 
transparency of the earth’s atmosphere. To test this possibil- 
ity, a station was established on Mount Wilson, California, in 
1905 by invitation of Director Hale of the Mount Wilson Solar 
Observatory. The station proved to be very favorable for the 
work, and in 1908 a permanent structure of cement was built 
there for the use of the Smithsonian Astrophysical Observatory. 
In the years 1909 and 1910 spectro-bolometric observations for 
the determination of the solar constant of radiation were also 
made on the extreme summit of Mount Whitney in California 
at an altitude of 4420 meters. At the same time observations 
were being made at Mount Wilson at an altitude of 1730 meters. 
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The results from these two stations reduced to outside the atmos- 
phere at mean solar distance, like those which had formerly been 
obtained simultaneously at Washington and Mount Wilson, were 
identical within the limit of the accuracy of the determinations. 
The accuracy of the work at Mount Wilson and Mount Whitney 
was so great that the average divergence between the observa- 
tions of the same days was only 1 per cent. At Washington, the 
sky conditions being less perfect, the average divergence from 
simultaneous solar-constant results of Mount Wilson was about 
3 per cent. 

Evidences of solar variability of short irregular periods. Numer- 
ous observations of several years at Mount Wilson indicated a 
fluctuation in the solar-constant values having a range of about 
10 per cent. The fluctuations seemed to occur irregularly, seme- 
times running their course of 10 per cent or less within the period 
of a week or ten days, and at other times keeping nearly constant. 
It had been shown by the observations made simultaneously at 
Mount Wilson and at Mount Whitney that the results, as re- 
duced outside the atmosphere, appear to be independent of the 
altitude of the observing station, on days when the sky conditions 
appeared to the eye to be excellent. The march of the apparent 
fluctuation of the solar constant values at Mount Wilson has not 
‘been of a haphazard character. I mean by this that the values 
progress in a definite direction, as‘for instance from a low value 
to a high value by steps through several successive days, and 
then as definitely progress in the opposite direction through other 
successive days, and do not fluctuate widely from high values 
to low, as would be the case if the irregularities were due merely 
to instrumental error. Since, then, it appeared that the fluctua- 
tions were neither of an accidental instrumental character, nor 
of a character associated with the altitude of the observing sta- 
tion, it appeared most reasonable to conclude that these fluctua- 
tions were due to changes in the sun’s emission. 

To test this important conclusion it appeared necessary to 
establish ‘a second station, equally favorably situated with re- 
gard to sky conditions as Mount Wilson, but so far remote from 
Mount Wilson that local influences could not be expected to 
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alter the results at both stations in the same direction on the 
same day. Such a station was established at Bassour, Algeria, 
in the years 1911 and 1912. Seventy-five days of simultaneous 
measurement at Mount Wilson and at Bassour were obtained, 
and of these days about fifty were so far free from the occurrence 
of clouds, or other disturbing influences, at both stations, as to 
be retained for purposes of comparison. The result of the com- 
parison shows that when high values are obtained at Bassour, 
high values are obtained also at Mount Wilson, and vice versa. 
Thus the fluctuations which have been found, appear to be truly 
existing in the solar radiation outside the earth’s atmosphere, for 
the solar constant values obtained at two stations separated by 
about one-third the circumference of the earth unite in showing 
them. 

Value of the solar constant. During the whole solar constant 
campaign from 1902 to 1913, about 700 measurements of the solar 
constant of radiation have been obtained, all but three of the 
values ranging between 1.80 calories and 2.10 calories. The 
range of these numbers is mainly attributable to the actual fluc- 
tuation of the sun itself, though part, especially in Washington 
work, is due to accidental errors of measurement. The mean 
value from 690 measurements is 1.933 calories per square cen- 
timeter per minute. It is*believed that this number represents 
the average value of the solar constant of radiation for the epoch 
1902 to 1913 within 1 per cent. There is still the possibility, 
however, that an appreciable quantity of solar radiation be- 
yond the wave length of 0.3,u in the ultra-violet has been absorbed 
by ozone in the higher atmosphere of the earth, and has been 
impossible of determination at the stations employed. However, 
from the consideration of the form of energy curve of the sun’s 
spectrum it is improbable that this lost ultra-violet radiation 
can exceed 1 or 2 per cent. 

Solar variability associated with sun-spots. Besides the short 
irregular fluctuation of solar radiation above mentioned as having 
been shown by the simultaneous measurements at Mount Wil- 
son and Bassour, Algeria, it appears that a long period fluctua- 
tion is associated with the sun-spot numbers. This connection 
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is brought out by taking the mean monthly values of the solar 
constant measurements at Mount Wilson from the year 1906 
on, and comparing them with the mean monthly sun-spot num- 
bers of Woifer for the same period. From such a comparison 
it appears that the greater the number of sun-spots the higher 
will be the solar constant of radiation, and that an increase of a 
hundred sun-spot numbers corresponds to an increase of about 
0.07 calories per square centimeter per minute in the solar radi- 
ation outside the earth’s atmosphere. This is a very curious 
circumstance, when it is recalled that the temperature of the 
earth is generally lower at sun-spot maximum than at sun-spot 
minimum, notwithstanding that, if the above result be true, the 
solar radiation is more intense at sun-spot maximum than at 
sun-spot minimum. On the other hand, the result is in line with 
the irregular variability of the Myra type of variable stars. 
Atmospheric transmission. In connection with the measure- 
ments which have been made of the solar constant of radiation, 
there have been some interesting by-products. Among these we 
may mention first the determination of the transmission coeffi- 
cients of the earth’s atmosphere for light of all wave-lengths, in- 
cluding the ultra-violet and the infra-red spectrum, and ranging 
from wave-length 0.3, in the ultra-violet to wave length 2.5. in 
the infra-red. These transmission eoefficients have been ob- 
tained by the Smithsonian observers at Washington, Mount Wil- 
son, Mount Whitney, and Bassour. It is very interesting to com- 
pare them with the transmission of the atmosphere as computed 
according to the theoretical considerations of Rayleigh on the 
cause of the light of the sky. It is found that by means of these 
transmission coefficients the value of the number of molecules in 
the atmosphere may be obtained almost as accurately as by the 
tse of the more common laboratory methods for determining 
the number of molecules per cubic centimeter of a gas of known 
density. It is found that the theory of Rayleigh connecting the 
change of transmission with the wave-length is closely confirmed 
by the observations at.Bassour, Mount Wilson, and Mount Whit- 
ney. Similar measurements of atmospheric transmission for more 
limited regions of the spectrum have been made by other ob- 
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servers at high altitudes, and these also are found to agree closely 
with the theory of Rayleigh, and with our own observations. 

Not less interesting is the determination of the distribution of 
energy in the sun’s spectrum, and thereby of the probable tem- 
peratures existing in the sun. The solar temperatures may be in- 
ferred also from the value of the solar constant of radiation itself, 
and the two methods, agree substantially in giving the probable 
solar temperatures as between 6000° and 7000° absolute Centi- 
grade. 

Recent balloon experiments. Notwithstanding the satisfactory 
state of the theory of solar constant measurements by the meth- 
od of Langley, depending upon spectro-bolometric observations 
at high and low sun combined with measurements by the pyr- 
heliometer, and notwithstanding the close agreement between 
results obtained by this method for many years at stations of 
differing altitude from sea-level to 4420 meters elevation, there 
still exists the possibility that if we could, indeed, go outside the 
atmosphere altogether, we should obtain values differing mate- 
rially from those above given. So long as we observe at the 
earth’s surface, no matter how high the mountain top on which 
we stand, the atmosphere remains above us, and some estimate 
must be made of its transmission before the solar constant can be 
determined. Different persons will differ in the degree of con- 
fidence which they will ascribe to measurements of the atmos- 
pheric transmission such as have been considered, and there are 
still some who totally disbelieve in the accuracy of the results 
thus far obtained, even though they be confirmed by observa- 
tions at such differing altitudes. Accordingly it has seemed 
highly desirable to check the results by a method of direct ob- 
servation by the pyrheliometer, attaching the instrument for 
this purpose to a balloon and sending it to the very highest pos- 
sible altitudes. By a cooperation between the Smithsonian In- 
stitution and the United States Weather Bureau, experiments for 
this purpose were made in July and August of the year 1913. 

The instruments employed were modified in form from the 
silver disk pyrheliometer, which has been described above. As 
the apparatus could not be pointed at the sun, the disk was 
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placed horizontally, and the thermometer was contrived to re- 
cord its temperature by photography upon a moving drum. 
The receiving disk was alternately exposed to the sun and shaded 
by the intervention of a shutter, operated intermittently by the 
clock work which rotated the drum under the stem of the ther- 
mometer. Five instruments of this kind were sent up on suc- 
cessive days. While it was well known “ge the temperature of 
the higher air would go as low as —55°C., it was believed that 
a blackened disk, exposed half the time to the direct sun rays, 
would certainly remain above the temperature of —40°, which 
is the freezing point of mercury. This expectation was disap- 
pointed. Accordingly, owing to the freezing of the mercury in 
the thermometer, the highest solar radiation records obtained 
during the expedition were at the altitude of 13,000 meters, 
although the balloons in some instances reached the altitude of 
33,000 meters. 

The results obtained, while they have not the same degree of 
accuracy as those obtained by direct reading of the silver disk 
pyrheliometer, are yet of considerable weight. All the measure- 
ments unite in indicating values of the solar radiation at alti- 
tudes of 10,000 meters and higher, which fall below the value of 
the solar constant of radiation as obtained by other methods, 
and above the value of the radiation at the summit of Mount 
Whitney as obtained by different observers with pyrheliometers. 
It is expected in the coming year to repeat the observations with 
balloons under much improved circumstances. By aid of elec- 
trical heating apparatus it is expected to keep the surroundings 
of the disks at approximately the freezing temperature, even 
though exposed to the air at temperatures as low as —55°C. 
In this way it is hoped to obtain good pyrheliometer measure- 
ments as high as it is possible for sounding balloons to go, and 
possibly to an altitude of 40,000 meters. As the atmospheric 
pressure at such altitudes is less than 1 per cent of that prevailing 
at sea-level, the experiments, if successful, may be expected to 
remove reasonable doubt of the value of the solar constant of 
radiation. \ 
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MINERALOGY.—Variations in the compositions of minerals. 
Epear T. Wuerry, U. S. National Museum.! Communi- 
cated by Waldemar T. Schaller. 


With the advance of scientific knowledge it becomes necessary 
from time to time to revise some of our most fundamental con- 
ceptions and definitions. In chemistry, for instance, the old 
view is being abandoned that mixtures differ from compounds 
in that the former can be separated into their constituents by 
“mechanical means’’ while the latter cannot.* 

Most of our text-books of mineralogy are largely based on 
Dana’s System of 1892, and ignore the important advances which 
have taken place since that time. In particular, the writer be- 
lieves that the conception of mineral species which permeates 
them is in need of revision, for, in the light of recent work, vari- 
ability of composition must apparently be recognized as a funda- 
mental principle of mineralogical chemistry. It is therefore pro- 
posed that a species be defined as a natural inorganic substance 
whose chemical and physical properties are constant only within 
certain limits, these limits varying widely from one case to an- 
other. The possible ways in which variations in the chemical 
composition of minerals can occur are through adsorption, iso- 
morphous replacement, and solid solution. 

Adsorption. While most minerals exemplify the crystalloidal 
state of matter, colloids are also not infrequently represented. 
As has been pointed out by several writers,’ all minerals appear- 
ing wax-'or gum-like, or with botryoidal, dendritic, globular, 
mammillary, nodular, reniform, or stalactitic structures, and at 
the same time showing an amorphous character under the mi- 
croscope, are to be regarded as gels, or solid colloids. 




























1 Read at the Rochester meeting of the American Chemical Society, September, 
1913. 

2 W. Lash Miller, Science, 34: 257 1911. 

3’ F. Cornu, Centr. Min. Geol., 1909: 324; R. Marc. Fortschritte Min. Kryst. ° 
Petr., 3: 11; A. Himmelbauer, ibid., 3: 32 (including a 6-page bibliography), 
1913. 

My excuse for treating this subject so fully at this place is that American 
mineralogists appear to have underestimated the importance of these contribu- 
tions: in six recent text-books I have been unable to find the word colloid. 
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One of the most striking features possessed by gels is their 
power of adsorbing foreign substances. For instance, the ability 
of the sesquioxides, when precipitated with ammonia, to take up 
considerable amounts of phosphoric acid, boric acid, etc., has 
long been recognized, and analytical methods modified in the 
presence of these substances. The amounts so adsorbed bear in 
general no relation to the molecular weights of the substances 
concerned—that is, the law of definite proportions is not obeyed 
—except that “the composition of many [natural] gels agrees 
frequently quite exactly with the ooPURRNS formulas of crys- 
tallized minerals.’’ 

The extent to which adsorption causes variations in the com- 
positions of colloid minerals becomes evident when the analyses 
of bauxite, psilomelane, wad, the clays, chrysocolla, ete., are 
inspected. It is not so certain, however, which constituents 
should be regarded as united and which as adsorbed in these 
minerals. Is an amorphous clay containing silica, alumina and 
water to be regarded as an adsorption product of SiO, gel, Al.O; 
gel, and water, or as kaolinite gel (H,AlSi.O,) containing an 
excess of one or the other constituents adsorbed? It will be nec- 
essary to develop methods for the proximate analysis of colloidal 
minerals—staining, fractional solution, plotting dehydration 
curves, etc.—before such questions can be settled, a problem that 
will keep mineralogical chemists busy for some time to come. 
But meanwhile we should face the issue squarely, and in stating 
the composition of such minerals admit their variable character 
instead of attempting to assign them definite formulas, as is 
done in text-books. 

Then there is a whole series of minerals whose superficial ap- 
pearance is that of colloids, but whose fibrous or foliated internal 
structure betrays their crystallinity, such as chalcedony, limon- 
ite, malachite, serpentine, dufrenite, ete. As there appears to 
be no single descriptive term’ in use for these, the word meta- 
colloid is here proposed. A meta-colloid is to be defined as a 
substance which, though originally colloidal in character, has be- 


* Cornu, op. cit., p. 336. 
*’ Himmelbauer, op. cit., p. 39, calls them ‘‘gealterte Gelen.”’ 
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come more or less crystalline, for this has evidently been the his- 
tory of most of this class of minerals. 

If the original colloids have compositions approaching those of 
definite crystallizable compounds, then the change to a meta- 
colloid may be regarded as a simple molecular rearrangement. 
But if adsorbed constituents are present in excess over the 
requirements for such compounds, what becomes of them? Ob- 
servations bearing directly on this point are lacking, but some 
analyses of meta-colloid minerals are certainly on record in which 
the presence of foreign material is shown. It is only necessary 
to turn to garnierite (Dana, System, p. 677), chloropal (ibid., p. 
701) and dufrenite (ibid., p. 797), all of which often look crystal- 
line (eryptocrystalline) and homogeneous under the microscope, 
to find examples of this. It would therefore seem that in some 
cases, at least, adsorption may occur even in meta-colloids, so 
that it can not be regarded as safe to consider crystallinity alone of 
minerals, whose features are those of meta-colloids, as a certain 
proof of their definiteness of composition. 

Solid solution. Especially in substances appearing in distinct 
crystals it is quite generally assumed that, except for isomorphous 
replacement,® the composition is fixed, constant, and definite. 
Yet even here there is evidence that some variation may occur. 
Two cases have recently been discussed elaborately: nephelite, 
which often contains 2 per cent more SiO, than is required by its 
simple formula without evident effect on its crystallographic 
constants, optical properties, or any other features;’ and pyrrho- 
tite, in which the amount of sulphur can vary from 36.3 per cent 
corresponding to FeS, to over 40 per cent, with only slight changes 
in axial ratio and specific gravity, and without loss of crystallinity 
or characteristic properties.*® 

But other well crystallized minerals have yielded analytical 
results exhibiting even greater variability in the amounts of con- 

6 The subject of isomorphous replacement is fully treated in the text-books, 


and need not be discussed here. In one sense it is, of course, only a special case 
of solid solution, but this term is here used only for non-isomorphous combina- 


tions. 
7 Foote and Bradley, Amer. Jour. Sci., 31: 25, 1911; 33: 439, 1912. 
8 Allen, Crenshaw, Johnston and Larsen, Amer. Jour. Sci., 33: 169, 1912. 
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stituents, especially the columbates, tantalates and titanates, 
but also some sulfo-salts (binnite, tetrahedrite), halides (fluo- 
cerite, yttrocerite), oxides (striiverite, uraninite), silicates (some 
pyroxenes and amphiboles, to account for the composition of 
which the conception of isomorphous replacement has to be 
made unreasonably broad), etc. 

It is customary at the present time to consider this variability 
as due to‘‘solid solution.”’ Of course, the mere giving a phenome- 
non a name does not explain it, but whatever may be its signifi- 
cance its existence cannot be denied and should not be over- 
looked. Consequéntly, even crystallinity cannot fairly be regarded 
as a certain criterion of the absence of ‘solid solution” or accord- 
ingly of the definite chemical composition of a mineral.' 

In conclusion, it may be urged that in future text-books and 
writings dealing with the establishment of mineral species, notice 
be taken of these relations, and that there be included along 
with the simple, essential formula of each mineral, in so far as 
one can be recognized, a statement of the extent to which vari- 
ations in its composition occur. 


BOTAN Y.—A hybrid between Tripsacum and Euchlaena. G. N. 
Couuins and J. H. Kempton, Bureau of Plant Industry.* 


In connection with studies in the heredity of maize and re ated 
plants a fertile hybrid has been secured between Tripsacum dac- 
tyloides L. and Euchlaena mexicana Schrad. 

Euchlaena mexicana or teosinte is an annual grass, native in 
Mexico, often grown for forage. The variety grown in the United 
States requires a long season to mature and the only place where 
seed is produced is in southern Florida. Tripsacum dactyloides 
is a perennial grass, native in many parts of eastern United 
States. The plant is of no economic importance. 

The genera Euchlaena and Tripsacum are placed in separate 
groups of the tribe Maydeae and the plants are so different that 


! This is in no way intended as a denial of the definite molecular structure of 
crystals; and that it is quite possible to reconcile the latter conception with the 
existence of solid solution will be shown in a later paper. 

2 Presented before the Botanical Society of Washington, February 3, 1914. 
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it is difficult even to contrast the characters. 


The following is 


an attempt to formulate the more conspicuous differences: 


Tripsacum 

Plants perennial. 

Male and female flowers in the same 
inflorescence. 

Lateral inflorescences not enclosed in 
bracts. 

Fruit trapezoidal. 

Order of flowering of pistillate flowers 
from above downward. 

Staminate spikelets in pairs, both ses- 
sile. 

Leaves averaging about 50 times as 
long as wide. 


Euchlaena 

Plants annual. 

Male and female flowers in different 
inflorescences. 

Lateral inflorescences 
bracts. 

Fruit nearly triangular. 

Order of flowering of pistillate flowers 
from near the bottom upward. 

Staminate spikelets in pairs, one ses- 
sile, the other pediceled 

Leaves averaging about 10 times as 
long as wide. 


enclosed in 


Euchlaena and Tripsacum are the only American genera as- 
sociated with Zea in the tribe Maydeae. Euchlaena and Zea 
cross readily and a complete series of intermediates is known.’ 

‘Although the possibility of securing a hybrid between such 
diverse plants seemed very remote, the paucity of wild relatives 
encouraged us in repeated attempts to secure hybrids between 


Tripsacum and Zea or Euchlaena. Until the present instance 
these attempts have always given negative results.‘ } 

The pollen parent of the present hybrid belonged to a Mexican 
variety of Euchlaena, the seed of which was received from Mr. 


H. V. Jackson of Durango, Mexico. This variety is earlier 
than the Florida teosinte and many of the plants show indica- 
tions of contamination with maize. Among the most common 
maize-like characters occurring in the teosinte from this region 
are the development of a central spike in the staminate inflor- 
escence, the greater prominence of the primary culm, and the 
formation of a rudimentary cob in the pistillate inflorescence. 


’ For a discussion of the characters of Euchlaena and Zea, see Collins, G.N., 
The origin of maize, Journ. Wash. Acad. Sci. 2: 520-530, 1912. 

4 In view of the great disparity in the length of the stigmas, there may be 
a mechanical difficulty in making the reciprocal cross, using Tripsacum as the 
pollen parent. 

The maximum elongation of the pollen tube in fertilizing Tripsacum flowers 
would never exceed 2 cm., while the fertilization of an ovule of Zea or Euchlaena 
could not be accomplished without an elongation of at least 10 cm. 
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Owing to the fact that the plant which supplied pollen for the 
hybrid was grown in the greenhouse where all teosinte plants 
behave abnormally, it was impossible to determine whether this 
particular plant would have possessed many or few of these maize- 
like characters had it grown normally in the open. As it de- 
veloped in the greenhouse it was much reduced in stature, being 
only about 2 feet high. A number of pistillate flowers were pro- 
duced in the terminal inflorescence, the branches of which were 
much reduced. But there was no tendency to form either a 
cob or a central spike in the terminal inflorescence. 

The plant of Tripsacum used as female parent of the hybrid 
was an offshoot from a plant grown at Lanham, Maryland. In 
February, 1913, a number of offshoots were removed from the 
plant at Lanham and planted in the greenhouse at Washington. 
Probably as a result of being grown in the greenhouse the stami- 
nate portion of the first inflorescences that appeared were aborted. 
The female flowers of one of these aborted inflorescences were 
pollinated by Euchlaena, producing the hybrid under discussion. 
As soon as pollinated the inflorescence was enclosed in a paper 
bag. ‘This was an unnecessary precaution, for the stigmas were 
dry before any Tripsacum pollen was produced and there were 
no other flowering plants of Tripsacum in the greenhouse at that 
time. As a result of this pollination four seeds were secured. 

The four hybrid seeds were planted on April 8, 1913, but only 
one germinated. As soon as the seedling appeared above the 
ground the soil was removed so as to expose the seed, allowing 
us to make sure that the plant was growing from the Tripsacum 
seed and not from the seed of some other grass accidentally oc- 
curring in the soil. 

All possibility that the plant was other than a true hybrid 
was removed at an early date. As soon as the nature of the seed- 
ling could be determined it was found to resemble the male 
parent Euchlaena in all discernible characters. This resem- 
blance continued throughout the life of the plant. 

The abnormal characters of the particular plants used as par- 
ents, induced by the greenhouse conditions, made impossible any 
accurate comparisons of the hybrid with its individual parents, 
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but it can be said that the hybrid plant more nearly resembled 
normal teosinte grown in the open than did any of the green- 
house grown teosinte plants themselves. With respect to all 
the differences listed above, the hybrid resembled Euchlaena. 
The only suggestion of a Tripsacum character was that the main 
stalk matured some days in advance of the branches or suckers. 
This might be taken as a slight indication of a tendency toward 
perennial habit. On the other hand this tendency may exist in 
Euchlaena, which has not been carefully examined with this 
character in mind. Seed was produced in abundance and was 
indistinguishable from that of pure teosinte. Some of this first 
generation hybrid seed has been planted and a number have 
germinated showing the hybrid to be fertile. 

The chief points of interest in this hybrid may be summarized 
as follows: 

1. The hybrid is bigeneric, and the parent types differ in pro- 
found morphological characters. 

2. One of the parents is strictly annual, the other perennial, 
requiring several years to mature. 


3. None of the characters of the female parent appeared in 
the first generation; that is, the hybrid is completely patroclinous. 





‘ 


ABSTRACTS 


Authors of scientific papers are requested to see that abstracts, preferably 
prepared and signed by themselves, are forwarded promptly to the editors. Each 
of the scientific bureaus in Washington has a representative authorized to for- 
ward such material to this journal and abstracts of official publications should 
be transmitted through the representative of the bureau in which they originate. 
The abstracts should conform in length and general style to those appearing in 


this issue. 


BOTAN Y.—Mezxican grasses in the United States National Herbarium. 
A. S. Hirencocx. Contr. U. 8. Nat. Herb. 17: 181-389. 1913. 

This paper includes a list of 615 species of Mexican grasses, 23 of 
which are described as new, represented by specimens in the U. S. 
National Herbarium. There is a key to the genera, and, preceding 
each genus, a key to the species. Under each species are given the 
more important synonyms, the type locality, the range, and an enu- 
meration of the specimens from Mexico arranged by states. One new 
genus, Triniochloa, is described. This includes three species, one, 
from Chihuahua, collected by the author, being new, the others trans- 
ferred from Avena. One of the latter, the type species, 7’. stipoides, 
was first described as Podosaemum and later transferred to Muhlen- 
bergia and to Avena. 

The more important collections available in the present study are 
those of Palmer, Pringle and the author, who have explored botanically 
nearly all the. states of Mexico. There are cited also many duplicates 
of the early collectors, such as Bourgeau, Liebmann, Schaffner, Botteri 
and Miiller. A. S. H. 


PHARMACOLOGY .—I ndividual variation in the alkaloidal content of 
belladonna plants. A. F. Stevers. Journal of Agricultural Re- 
search 1: 129-146. 1913. 

In a systematic study of the alkaloidal content of the leaves of a 
large number of belladonna plants, some important facts have been 
established. The leaves were assayed at five distinct stages of growth 
from early in May to late in October and the results indicate that the 
flowering stage is the most advantageous time to pick the leaves. A 
higher percentage of alkaloids is found later in the season but the leaves 
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are then too small and sparse for profitable harvesting. The physical 
characteristics of the plant have thus far shown no relationship to the 
alkaloidal content of the leaves. Luxuriant growth is no criterion of 
the medicinal value of the plant. 

The individual plants show a remarkable variation in the alkaloidal 
content. It is found that many plants rich in alkaloids throughout the 
season are equally rich in following seasons. The same is true of plants 
that are unusually poor in alkaloids. This indicates that the relative 
production of alkaloids in these plants is largely due to the inherent 
characteristic of the individual and not entirely to the varying external 
influences. A. F. §&. 


PLANT PHYSIOLOGY.—Environmental influences on the physical 
and chemical characteristics of wheat. J. A. LeCuerc and P. A. 
Yoprer. Journal of Agricultural Research 1: 275-291. 1914. 

Previous work (Bureau of Chemistry Bulletin 128) showed that the 

composition of wheat and its physical characteristics, such as the weight 
per thousand, weight per bushel, and flintiness are not to any great ex- 
tent hereditary; that both the chemical composition and the physical 
characteristics above enumerated are dependent upon the environ- 
ment (climate and soil) in which the wheat grew. In the present paper 
the authors describe investigations carried on in Maryland, Kansas, 
and California in which small plots of soil from each of three localities 
were interchanged. This experiment was continued during 1909—10— 
11-12. Each year the crop from each plot was harvested and analyzed 
for the usual chemical constituents and physical properties. From 
these results it is seen that the wheat grown in any one locality is very 
uniform in composition and in appearance, but quite different from the 
same wheat grown on the same soils in the other two localities, showing 
that the climatic conditions prevailing during the period of growth 
exerts the major influence in affecting both the chemical composition 
and the physical characteristics of wheat. The wheat grown on the 
check plot ‘in each locality was identical, physically and chemically, 
to that grown on the imported soils. J. A. LC. 


PHYTOPATHOLOGY.—A bacterium causing the disease of sugar-beet 
and nasturtium leaves. NELLIE A. Brown and Ciara O. JAMIE- 
son. Journal of Agricultural Research 1: 189-210. 1913. 

The paper deals with an organism causing a spot-disease on leaves 
of nasturtium and sugar-beet. The spotting was noticed on these 
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plants in the same year, occurring in widely separated areas—the nas- 
turtium leaf-spot in Virginia, and the sugar-beet leaf-spot in Utah. 

The cause of the disease, a bacterium, was isolated from each host, 
and the organism isolated was proved up in each case by means of in- 
oculations. As it was supposed that two distinct diseases were being 
dealt with, work was carried on independently for two years, when, 
through comparison of cultural and morphological tests and by cross- 
inoculations, it was proved that the organisms causing the leaf-spot 
disease on both hosts were identical. The same organism also pro- 
duces spots on bean leaves and pods, also on leaves of lettuce, pepper, 
and eggplant. 

The organism is called Bacterium aptatum. It belongs to the green 
fluorescent group of bacteria, and has been shown to be different from 
Bacterium sxanthochlorum, an organism in this group pathogenic 
to potato; and from Pseudomonas tenuis, which has been’ given the 
same group number in the descriptive chart of the Society of American 
Bacteriologists. It is also different from Bacterium phaseoli, although 


both organisms produce the spotting of bean leaves and pods. 
N. A. B. 


PHYTOPATHOLOGY.—The foot-rot of the sweet potato. L. L. HARTER. 


Journal of Agricultural Research 1: 251-273. 1913. 

The foot-rot, a new disease of the sweet potato, is caused by the fungus 
Plenodomus destruens. It was found in Virginia for the first time during 
the summer of 1912 and caused extensive damage that season and in 
1913. In some fields as much as 95 per cent of the plants were killed. 
The organism kills the plants primarily by the destruction of the cor- 
tex of the stem, although occasionally it may be found on the vines 
several feet from the hill. Numerous inoculations have proven the 
parasitism of this fungus. Experiments have shown that it will grow 
from diseased roots into the slips produced ‘therefrom; also from dis- 
eased slips into the roots. The fungus lives over the winter on dead 
vines in the field and probably on the roots used for seed. The disease 
occurs in the hot bed, so that it is likely that the sale or exchange of 
slips and seed potatoes is largely responsible for its distribution. Sani- 
tary methods and careful selection of only sound healthy potatoes for 
seed are recommended as means of control. L. L. H. 
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PHYTOPATHOLOGY.—The anthracnose of the mango in Florida. 
S. M. McMurran. U.S. Department of Agriculture Bulletin 52, 
pp. 15. 1914. 

_An investigation of the mango anthracnose or blight was conducted 
in Florida during the seasons of 1912 and 1913 with a view to deter- 
mining (1) the cause of the disease, (2) the control of the disease, and 
(3) the broader question of the suitability of the southeast coast of 
Florida for the production of the mango on a commercial scale. 

Infection experiments by the writer and others have shown that the 
blighting of the mango blossoms, the tear staining and scabbing of the 
fruit, and the spotting of the leaves is due to Colletotrichum gloeospor- 
ioides Penz. 

The experiments on the control of the disease indicate that the blos- 
som blight form of the disease cannot be controlled by spraying with 
Bordeaux mixture during seasons which are rainy at blooming time, 
but that the fruit may be protected from fungus invasions and carried 
through to maturity in a clean and disease-free condition by spraying. 

In regard to the third proposition, observations in Florida indicate 
that a set of fruit cannot be expected unless the weather is dry at bloom- 
ing time. This coincides entirely with the opinions expressed by writ- 
ers on the mango from Porto Rico, Jamaica, and Hawaii, and forces 
the conclusion that the main limiting factor of the mango is the condi- 
tion of the weather at blooming time. Given clear, dry weather, a 
good crop of fruit may be expected. Given, on the other hand, rainy 
weather at blooming time, i.e., suitable conditions for fungus infection, 
a failure is practically certain. 

The main bloom of the mango occurs in March. The weather rec- 
ords for Miami show that the months of March in 1912 and 1913 were 
unusually rainy, but that the mean number of rainy days for March 
based on a record of 16 years is only 4.56 days, and that in 8 years out 
of the 16 the number of rainy days fell below this mean. From this 
it would appear that the chances for success are quite good, the hazard 
being probably no greater than in most of the peach growing sections 
of the North. S. M. M. 


PHYTOPATHOLOGY.—Polyporus dryadeus, a root parasite on the oak. 
W. H. Lone. Journal of Agricultural Research 1: 239-250. 1913. . 

A brief history is given of this fungus since Bulliard first described 
it in 1789 as Boletus pseudo-igniarius. Attention is called to Hartig’s 
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error in assigning to Polyporus dryadeus, the rot produced by P. dryophi- 
lus. Several synonyms for P. dryophilus are also given and the rot 
produced by it compared to the rot produced by P. dryadeus. The 
disease was found in the forests of Arkansas, Texas, Oklahoma, Mary- 
land, and Virginia. The first evidence of the disease is a reddish brown 
discoloration of the inner bark and cambium; in the final stage of the 
rot the color becomes white or creamy white. In all the uprooted 
trees examined, the disease began in the lower portion of the roots and 
spread upward toward the stool of the tree. The rot was found in the 
roots of Quercus texrana, Q. nigra, Q. alba, Q. velutina, Q. minor, Q. 
rubra, and Q. prinus. The following conclusions are presented: 

1. Polyporus dryadeus is a root parasite of the oak producing a white 
sap rot and heart rot in the roots. 

2. In all the trees examined this rot did not extend upward into the 
tree as a true heart or sap rot of the trunk, but was limited to the under- 
ground parts of the tree. 

3. The rot and sporophore described and figured by Robert Hartig 
do not belong to Polyporus dryadeus but to P. dryophilus. 

4. In the majority of cases only old or much suppressed trees or 
trees growing under very unfavorable conditions are attacked by this 


disease. 


5. The disease does not seem to spread readily to adjacent trees. 

6. The disease is widely distributed both in America and Europe 
and is probably found in these countries throughout the range of the 
oak. W. H. L. 


PHYTOPATHOLOGY.—An underscribed species of Gymnosporangium 
from Japan. W. H. Lone. Journal of Agricultural Research 
1: 353-356. 1914. 

Attention is called to the introduction into this country of a new 
species of Gymnosporangium on Juniperus chinensis from Japan. The 
three types of teliospores in the genus Gymnosporangium which have 
characters of specific value are described. 

Taxonomic descriptions are given of three species, Gymnosporangium 
chinense, G. japonicum and G. haraeanum, all from Japan and on the 
same host, Juniperus chinensis. The value of taking into considera- 
tion at least two of the types of teliospores, the thin and thick-walled 
ones found in each species of Gymnosporangium, is shown. W. H. L. 
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PHYTOPATHOLOGY.—Three undescribed heart-rots of hardwood trees, 
especially of oak. W.H. Lone. Journal of Agricultural Research 
1: 109-128. 1913. 

Of the twenty heart-rotting fungi found in oak only the following 
seven were present to any extent in the trunks and tops of the trees: 
Hydnum erinaceus, Polyporus sulphureus, P. dryophilus, P. berkeleyi, 
P. frondosus, P. pilotae, and Fomes lobatus. 

Of the 2100 felled oak trees studied in the Ozark National Forest 
64.8 per cent were affected with butt rots. Tables are given for the 
following fungi: Hydnum erinaceus, Polyporus pilotae, Polyporus sul- 
phureus, Polyporus berkeley, and Polyporus frondosus, showing the vari- 
ous heights of rot produced by each in the trees. 

Polyporus pilotae was found in the following species of trees: Quercus 
alba, Q. velutina, Q. texana, Q. coccinea, Castanea pumila, and C. dentata. 
The macroscopic and microscopic characteristics of this rot for each host 
are given. It is a delignifying rot in which long white strands of cellu- 
lose are usually the most prominent feature. 

A string and ray rot of oaks caused by Polyporus berkeleyi is a rot in 
which the wood fibers are first delignified and then absorbed, leaving 
more or less intact the medullary rays and the vessels. In a later 
stage all the elements are gradually destroyed until only a brown mass 


of very rotten wood and fungus hyphae is left in the stool of the tree. 
Polyporus frondosus is also a delignifying fungus. It was found in 
only 12 trees out of 1968 white oaks examined. It has been found on 
various species of oak and also on chestnut throughout the United 
States and Canada, and also in Europe. W. H. L. 


PATHOLOGY.—Cysticercus ovis, the cause of tapeworm cysts in mutton. 
B. H. Ransom. Journal of Agricultural Research 1: 15-58. 1913. 
The discovery by inspectors of the Bureau of Animal Industry that 
sheep slaughtered under Federal supervision were not infrequently in- 
fested with cysticerci located in the musculature, led to an investiga- 
tion as to their identity. They were evidently the same parasite as 
that named Cysticercus ovis by Cobbold in 1869, which has generally 
been considered identical with Cysticercus cellulosae, the pork-measle 
parasite, the intermediate stage of Taenia solium of man. Some au- 
thors, however, have looked upon it as an aberrant form of Cysticercus 
tenuicollis, the intermediate stage of Taenia hydatigena (also known as 
T. marginata), a dog tapeworm. By means of feeding experiments it 
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was definitely proved that Cysticercus ovis is neither Cysticercus cellu- 
losae nor C. tenuicollis. Like the latter it is the intermediate stage of 
a dog tapeworm, but of a species heretofore unrecognized in its adult 
stage. The name of this species is Taenia ovis (Cobbold, 1869). Dogs 
become infested as a result of devouring measly mutton, and sheep as 
a result of swallowing the eggs of the tapeworm in food or water con- 
taminated by the feces of infested dogs. There is no reason to suppose 
that the parasite is transmissible to man; in fact no tapeworm infesta- 
tion occurred in a human subject. (the writer) after the ingestion of 
live cysticerci. Cysticercus ovis may attain its full development in 
sheep in less than three months after infection and in the dog the tape- 
worm may reach egg-producing maturity in seven weeks after the in- 
gestion of the Cysticercus. C. ovis is practically limited to the inter- 
muscular connective tissue, and thus differs from C. tenuicollis which 
occurs in more or less intimate relation with serous membranes. Un- 
like the latter it apparently does not pass through the liver in its migra- 
tions from the alimentary tract to its final location. 

Cysticercus ovis has been found occasionally in England, France, 
Germany, Algeria, German South West Africa, and New Zealand. Its 
presence has been determined in seven of the western United States. 
As yet no infestation has been found in sheep from the eastern United 
States. Wolves, probably, as well as dogs, may serve as hosts of the 
adult tapeworm. The Cysticercus may occur in goats. 

Over 17,000 of the sheep slaughtered under Federal supervision during 
the year 1912, prior to December 1, were found to be infested with 
Cysticercus ovis. So far as the sheep in the western United States are 
concerned the number actually infested probably exceeds 2 per cent. 

A full discussion of Cysticercus ovis is given under the headings of 
historical summary, life-history investigation, zoological description, 
remarks on morphology and comparison with other species, macroscopic 
appearance, distribution in body, degeneration, diagnosis, geographic 
distribution, prevalence, age of infested sheep, economic importance, 
significance in meat inspection, survival after death of host, and pro- 
phylaxis. B. H. R. 





PROCEEDINGS OF THE ACADEMY AND AFFILIATED 
SOCIETIES 


THE BOTANICAL SOCIETY OF WASHINGTON 


The 94th regular meeting of the Botanical Society of Washington 
was held in the Assembly Hall of the Cosmos Club, Tuesday, February 
3, 1914. Messrs. Raymond B. Wilcox, Arno Viehoever, and Henry 
Pittier were elected to membership. 

The scientific program was as follows: 

Brief notes and reviews of literature. Dr. Davin GrirFitus reviewed 
a prospectus of a stock company which has been organized in Australia 
for the purpose of eradicating the cactus, which is there considered a 
serious pest. Mr. 8. C. Stuntz called attention to the return from 
Brazil of Mr. A. D. Shamel, who has been there with Messrs. Dorsett 
and Poponoe, who are studying methods of tropical fruit culture and 
introducing the varieties that may be of value in this country. Mr. 
Shamel brought back over 1100 photographs which have thus far been 
taken by them, and prints of these will soon be available for study at 
the Office of Foreign Seed and Plant Introduction for those who are 
interested. 

Dr. R. H. True: A report on the Atlanta meeting of the Botanical 
Society of America. Dr. True gave a report on the attendance at the 
meetings and number and character of the papers read before the 
different sections, with special notes regarding those of a botanical 
character. 

Dr. H. Hassevprine: The relation between transpiration and the 
absorption of inorganic constituents by plants. (Published in Bot. Gaz. 
57: 72-73. January, 1914.) 

Mr. G. N. Couiins: A hybrid between Tripsacum and Euchlaena 
(with lantern). (See this JouRNAL, p. 114.) 

Dr. WALTER H. Evans: An attempt at revegetation on Kodiak Island, 
Alaska. The conditions on Kodiak -Island following the eruption of 
Mount Katmai in May, 1912, were described and an account was given 
of experiments in restoring the meadows and pastures of the experiment 
station on that island. 

The level land was covered with the ash, or, more correctly, the 
débris from the explosion, to a depth of 12 to 14 inches, and practically 
all vegetation was destroyed. The only natural revegetation was where 
hummocks of earth brought the original soil nearer the surface or where 
plants came through cracks that formed in the deposit during the sum- 
mer season. In these places fireweed, Epilobium angustifolium, and 
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Alaskan redtop, Calamagrostis langsdorfu, have come up abundantly. 
In some instances where the deposit fell in the edge of marshes it sunk 
in such a way that the grass came through and is growing luxuriantly. 
On the hills and steeper slopes the rains have washed the ash to the 
bottoms along the creeks or into the sea. 

At the experiment station, in order to furnish pasture and forage for 
the live stock, experiments in revegetating the more level tracts have 
been begun. Soon after the eruption had ceased manure was spread 
on the land, which was then disked and seeded to rye. This gave some 
winter pasture and a light crop the following year. In the spring of 
1913 experiments were undertaken on an extensive scale. Land was 
manured and commercial fertilizers were applied and a large amount 
of grass and leguminous seed was sown with oats as a nurse crop. Wher- 
ever nitrogen either in manure or as nitrate of lime was applied, good 
growth was secured. Less growth followed where only Phosphoric 
Acid and Potash were used and where no fertilizer was applied the 
seed germinated, grew slowly, and finally died unless the roots were 
able to penetrate the layer of ash and reach the soil below. 

In gardens and wherever an especial effort was made to mix the 
deposit with the underlying soil, better growth was reported than nor- 
mal, the ash appearing to have been of benefit, probably by reason of 
the improved physical condition of the soil. 

P. L. Ricker, Corresponding Secretary. 


THE PHILOSOPHICAL SOCIETY 


The 730th meeting was held on November 22, 1913, at the Cosmos 
Club, Vice President Fischer in the chair; 55 persons present. The 
minutes of the 729th meeting were read and approved. 

Mr. W. W. CosLentz made an Exhibition of extreme forms of ther- 
mopiles, showing four forms. They are of bismuth-silver giving an 
e.m.f. of 80 microvolts per degree and of bismuth-bismuth tin alloy 
having a thermal e.m.f. of 127 microvolts. The novelty in these ther- 
mopiles is the receiver, which is a completely opaque curtain which can 
be adapted to many forms. The forms shown were: point receiver or 
stellar thermopile, surface receiver to be used in place of the single 


thermal element in an Angstrém pyrlieliometer, receivers in series 
parallel reducing resistance one fourth, and the receivers in a U-shaped 
trough for physiological work. 

Mr. L. A. Baver then spoke on Results of a first analysis of the Sun’s 
general magnetic field. The chief results are: (1) The magnetic axis 
determined from the published data between parallells 60° N. and 60° S. 
January, 1912, to February, 1913, is found to be inclined for the sun, 9° 
to 12° to the axis of rotation, practically the same as that of the Earth; 
(2) the Sun’s magnetic field is asymmetrical about the equator in much 
the same manner and direction as is that of the Earth; (3) the analysis 
determined four instants distributed over a year when north end of 
Sun’s magnetic axis was on the central meridian; since a whole number 
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of rotations must have occurred during the intervals, it was possible to 
determine a period of rotation applying, perhaps, to the Sun as a whole, 
the preliminary synodic period thus found was nearly 33 days; (4) the 
solar magnetic field is as complex as that of the Earth and the distorting 
systems which are superposed upon a primary, simple magnetic field 
follow laws very similar to those disclosed in the study of the Earth’s 
field. The paper was illustrated by lantern slides. Mr. Burgess dis- 
cussed the question of magnetic state under high temperature and pres- 
sure; Messrs. Swann and White also discussed the paper. 

Mr. W. F. G. SwAnn then gave an illustrated paper on The atmospheric 
potential gradient and a theory as to its connection with other phenomena 
in atmospheric electricity. The application of the ordinary theory of 
conduction of electricity in gases to the atmosphere shows the mere 
existence of an atmospheric potential gradient of the kind found carries 
with it the following requirements: (1) the ratio of number of positive 
ions per cc. at the Earth’s surface to the number of negative ions shall 
be greater than unity; (2) the above ratio shall increase with potential 
gradient; (3) neither the number of positive ions per ec. nor the number 
of negative ions per cc. at the Earth’s surface are the same thing as the 
numbers which would, if the atmospheric field were absent, exist in orde1 
to result in a balance between recombination and formation; (4) the 
atmospheric potential gradient, in a homogeneous atmosphere, shall 
decrease with the height in the neighborhood of the Earth’s surface; (5) 
there should be an apparent, but not necessarily true, increase of the 
rate of ionization with the height. The problem of the conduction of 


electricity between parallel plates immersed in a gas shows that the usual 
solution is quite inapplicable when the rate of formation of ions is small 
and the plates are a finite distance apart; accordingly, a new calculation 
is given. The paper was discussed by Messrs. Bauer, Marvin, Sosman, 
and Humphreys, particularly in reference to the present rather primitive 
state of the science of atmospheric electricity. 


The 731st meeting was held on December 4, 1913, at the Cosmos Club, 
being a joint meeting with the Washington Academy of Sciences. 
President Tittmann, of the Academy, in the chair; about 150 persons 
present. 

Professor JEAN PERRIN, of the University of Paris, spoke on Brownian 
movement and molecular reality. The paper gave a brief review of the 
history of the subject and of the author’s work, and was illustrated by 
cinematographic photographs showing three experiments to illustrate 
the Brownian movement. 

The chair called for a rising vote of thanks to the speaker for his very 
interesting and instructive address. 


The 732d meeting, 43d annual meeting, was held on December 20, 
1913, at the Cosmos Club, President Abbot in the chair; 28 persons 
present. The minutes of the 42d annual meeting were read. The 
report of the Secretaries was read by Mr. Humphreys, showing an active 





128 PROCEEDINGS: PHILOSOPHICAL SOCIETY 


membership of 146, a net gain of 8 over last year. Fifteen regular meet- 
ings have been held. The report was ordered accepted and placed on 
file. The Treasurer’s report, dated December 16, 1913, was read by 
Mr. Sosman, showing total receipts of $983.44 for the year; total expendi- 
tures of $1677.49, including cost of additional investment for $1000 
registered bond of the Cleveland Illuminating Company; total invest- 
ments $11,000; cash in hand $527.15. The report was ordered accepted 
and placed on file. The report of the Auditing Committee, consisting 
of Messrs. Paul, White, and Whitten, was read by Mr. Paul. This 
report showed statements in Treasurer’s report were correct and that 
the arrears in dues are $57.00. The report was ordered accepted and 
placed on file. The reading of the names of members entitled to vote 
was omitted by unanimous consent. Messrs. Hersey and Faris were ap- 
pointed tellers. 

The following officers were duly elected’ for the ensuing year: Presi- 
dent, L. A. FiscHer; Vice Presidents, W. S. EicHELBERGER, Wm. Bowing, 
G. K. Buresss, W. J. Humpureys; Treasurer, R. B. Sosman; Secre- 
taries, J. A. FLemine, P. G. AGNEw; General Committee, L. J. Briaas, 
E. G. Fiscuer, N. E. Dorssy, R. L. Farts, R. A. Harris, F. A. Wourr, 
E. BucxineuaM, D. L. Hazarp and M. D. Hersey. 

During the election the question of more suitable quarters for meetings 
was informally discussed. A rising vote of thanks for his long, faithful 
and cheerful service was extended the retiring Secretary, Mr. Hum- 
phreys. The Secretary was instructed to determine as to whether the 
present is the forty-second or forty-third annual meeting and to correct 
minutes, if necessary. The rough minutes of the meeting were read, 
corrected and approved. After adjournment a buffet luncheon was 
served. 


The 733d meeting was held on January 3, 1914, at the Cosmos Club, 
Vice President Eichelberger in the chair; 46 persons present. 

The evening was devoted to the address of the retiring President, Mr. 
Ne Assot, on The solar constant of radiation (see this JoURNAL, p. 
89). 

The chair expressed to the speaker the thanks of the Society members 
and friends for the interesting and illuminating paper. 

J. A. Fuemina, Secretary. 











